Controversy still surrounds the human serum albumin (HSA) method for separation of X-and Y-bearing human spermatozoa. There is doubt about whether the procedure does enrich sperm samples for the chosen sex chromosome. We have applied the HSA separation method in a clinic in Hong Kong, using the method as described by Ericsson et al. [Nature, 246, 421-424 (1973)] taking care to keep the sperm recovery to Ͻ5% of the initial number. Aliquots of separated spermatozoa were examined for X-and Ybearing spermatozoa by fluorescent in-situ hybridization (FISH) using appropriate DNA probes. Of 18 couples wanting boys, 13 had single boys, one had twin boys, and one had twins comprising one boy and one girl. Only three single girls were born. This success rate of 83% is significantly different (P Ͻ 0.001) from the usual expected ratio. There were four miscarriages, one in the third and one in the fourth week of pregnancy. The times of the others are not definitely known, but are thought to have occurred early in pregnancy. We lack information on three couples. The FISH procedure showed no change in the normal and equal numbers of X-and Y-bearing spermatozoa after the HSA separation procedure. This study confirmed that the HSA sperm separation method can bias the number of babies in favour of males. However, the theory that it does so by enriching the sperm samples with Y-bearing spermatozoa appears to be incorrect and some other theory has to be postulated. It is tentatively proposed that passage through the HSA inactivates X-bearing spermatozoa more than Y-bearing spermatozoa, even though this is not apparent simply on inspection of sperm motility.
Introduction
The first and most widely used method for pre-conceptual gender choice of human babies was that of Ericsson (Ericsson et al., 1973; Beernink et al., 1993) . The method was based upon passage of spermatozoa through columns of human serum albumin (HSA), and was founded upon the idea that Y-bearing spermatozoa swim faster than X-bearing spermatozoa. Passage through Percoll has also been used (Batzofin et al., 1995) as 146 © European Society for Human Reproduction and Embryology has a swim-up procedure (Check and Katsoff, 1993) . These last two procedures, however, have not been confirmed by others. Flow cytometric separation of X-and Y-bearing spermatozoa was achieved in animals (Johnson et al., 1989) and led to weighting of the sexes in the animals' offspring. The same method was used to separate human X-and Y-bearing spermatozoa (Johnson et al., 1993) , and has been used more recently to determine the female sex in preventing X-linked disease (Levinson et al., 1995) . However, flow cytometry is subject to the theoretical risks of exposure to the vital dye fluorochrome Hoechst 33342 and to a UV laser beam. Its use was therefore restricted at first to animals and to prevention of human X-linked diseases. It was not generally available at the time this study was commenced.
The Ericsson method (Ericsson et al., 1973) involves no exposure to toxic chemicals, and has been in use for many years, is known to be free from risks, and has been substantiated (Beernink et al., 1993; Corson et al., 1984) in large multicentre trials. However, the largest trial was published by the inventor of the method (Ericsson et al., 1973) and has therefore been considered as not fully independent (Flaherty et al., 1997) . Furthermore, another study (Jaffe et al., 1991) found that although the method worked convincingly for female selection, it did not do so for male selection. It seems important to try to obtain fully independent evidence of whether or not this method is as effective in sex selection as originally claimed. The Gender Choice Centre in Hong Kong has been operating under the direction of one of us (A.W.) since October 1994 and results since then are here reported. Nearly all the couples wanted boys, and in fact all those who became pregnant wanted boys. Hence only male selection is considered in this paper. There has been considerable controversy concerning whether the albumin separation method actually does enrich spermatozoa for the selected sex as claimed. Some have found that it does (Ericsson et al., 1973; Glover et al., 1990; Pyrzak and Garrison, 1990; Pyrzak, 1994) and some that it does not (Ross et al., 1975; Vidal et al., 1993; Wang et al., 1994) . A recent paper (Classens et al., 1996) showed a small but significant bias in favour of Y-bearing spermatozoa. We have therefore applied the fluorescent in-situ hybridization (FISH) technique to sperm samples separated by the Ericcson method (Ericsson et al., 1973) .
Materials and methods
A total of 184 couples were interviewed, of whom 112 were in seminated in 191 attempts. Fertility was assessed by the clinical history. If there was a fertility problem, couples were not treated until that had been clarified and resolved. Ovulation in natural (unstimulated) cycles was detected by daily monitoring of urine for the luteinizing hormone (LH) surge in the morning, starting the test 3 days before the predicted ovulation day, using a one-step ovulation test kit (SA Scientific Inc., San Antonio, TX, USA). When positive urine LH occurred, follicle size and endometrial thickness were measured by transvaginal ultrasound scanning. Blood samples were collected for oestradiol and LH assays. Plasma oestradiol and LH were measured by enzyme-linked fluorescent immunoassay using an automated Vidas system (BioMerieux Vitek Inc., Hazelwood, MO, USA). Inseminations were performed the morning after follicle size reached 1.8-2.0 cm, endometrial thickness Ͼ1.0 cm and plasma oestradiol Ͼ200 pg/ml, and with confirmed LH surge. However, inseminations were performed on the same day if urine LH was positive and if ultrasonography of the follicle showed white flecks with signs of ovulation.
Husband's semen was obtained by masturbation; semen was liquefied at room temperature for 15-45 min and then analysed. Inclusion criteria were total sperm count of Ͼ80ϫ10 6 /ml and Ͼ40% with category A (rapid progressive motile) plus category B (slow progressive motile).
The method of Ericsson et al. (1973) was used with kits purchased from Gametrics Ltd. (Alzada, MT, USA). The procedure for male selection was as follows: equal parts of semen and Tyrode's solution were mixed and centrifuged for 10 min at 600 g. The supernatant was poured off and the pellet diluted with Tyrode solution to give a sperm concentration of~20ϫ10 6 /ml. 10% HSA solution was prepared from 20% HSA in the separation kit. The number of columns prepared depended upon the volume of resuspended sperm samples. 1 ml of 10% HSA solution was gently layered into each column. 0.5 ml of sperm sample was gently layered on top of each 10% HSA layer. After 45 min 0.5 ml of the top sperm layer was aspirated and the 10% HSA from each column were pooled. Total sperm count, percentage motility and amount of debris were checked in the pooled top sperm layers and the pooled 10% HSA layers were centrifuged at 600 g for 10 min. The supernatant was removed and the pellet diluted with Tyrode's solution. Columns with 1.0 ml of 12% HSA on the top of 0.5 ml of 20% HSA were prepared. 0.5 ml of resuspended spermatozoa gently layered on top of each 12% HSA layer. After 45 min 0.5 ml of the top layers were aspirated and pooled. The 12 and 20% HSA layers were also aspirated and pooled separately. Total sperm counts, percentage motilities and amount of debris were checked in each layer. The pooled 20% HSA layers were diluted with equal volume and centrifuged at 600 g for 10 min. The sperm pellet was removed and the pellet resuspended in 0.5 ml of Tyrode's solution for artificial insemination. This procedure was found to give yields of motile spermatozoa of Ͻ10% in accordance with the recommendation of Pyrzak (1994) and Ericsson (1994) .
Prior to insemination, the cervix was cleansed with sterile saline. A flexible plastic insemination catheter (Simcare, West Sussex, UK) loaded with 0.5 ml of separated motile spermatozoa in Tyrode's solution was inserted into the cervical cavity through the uterine canal under sterile conditions. Spermatozoa were deposited into the uterine cavity gently and the catheter slowly removed. The patient remained recumbent for 30 min.
Couples were asked to inform the centre as soon as possible on the results of each insemination and the sex of any children born. If they did not contact us, we sought to obtain the information from them.
The statistical significance of the sex ratio of children born was tested by the method of Moore and Gledhill (1988) .
Semen samples from seven healthy donors in Hong Kong were used in order to study separation of X-and Y-bearing spermatozoa. To each sample an equal volume of Tyrode's solution was added, mixed gently, and aliquots taken to determine sperm count and 147 motility. To each diluted sample, an equal volume of phosphate buffer saline (PBS) pH 7.4 and containing 6 mM EDTA was added. Each sample was then divided into two parts; one part was used as control and the other for HSA separation. The sperm nuclei in both were decondensed according to the method of Han et al. (1993) . After fixation of sperm nuclei onto slides with methanol/glacial acetic acid (3:1), sperm samples were rinsed with PBS for 5 min and then dehydrated through ethanol series (2 min each in 70, 85 and 100% ethanol) and air-dried. Slides were then sent to Dr Peter Liu in London (UK) for FISH studies.
For decondensing the sperm nuclei, a slight modification of the method of Han et al. (1993) was used. Briefly, the sperm pellets were resuspended in PBS containing cold dithiothreitol (DTT) to give a sperm concentration of 15-20ϫ10 6 /ml. After incubation at room temperature for 44 min with constant agitation, the DTT was removed by centrifugation at 600 g for 10 min, and the sperm pellets were resuspended in 10 ml PBS. After centrifugation at 600 g for 10 min, the sperm pellets were resuspended in 6 ml of ice-cold fixative (methanol/glacial acetic acid 3:1) and left at room temperature for 10-15 min. After further centrifugation at 600 g for 10 min, the sperm pellets were resuspended in a small volume of ice-cold fixative, washed in PBS for 5 min, and dehydrated through an ethanol series (2 min each in 70, 85 and 100% ethanol) and air-dried.
For FISH, the chromoprobe-1 X and Y dual label kit from Cytocell was used (Hill Road, Oxon, UK). The X probe was labelled with fluorescein (green fluorescent spots) and the Yq probe with CY-3 (red fluorescent spots). FISH was carried out by pipetting 15 µl hybridization solution (supplied with kit) onto an area of the slide fixed with spermatozoa. The coverslip containing both the X and Y DNA probes was carefully laid over the hybridization solution and sealed around the sides with rubber solution (supplied with kit). After drying for 10 min at 37°C, the sperm cells and the DNA probes were denatured on a hotplate for 5 min. The slides were then incubated at 37°C in a moist chamber overnight. The next morning, the coverslips were carefully removed, and the slides were washed first in 50% formamide/1ϫ sodium chloride/citrate (SSC) (15 min at 45°C), then in 1ϫ SSC (5 min at 45°C) and then in buffer (supplied by Cytocell) for 5 min at 45°C. The slides were then further washed in ST (citrate) buffer (supplied with kit) for 5 min at room temperature. After draining off excess liquid, 10 µl PL-Antifade (supplied with kit) were pipetted on to the marked area of the slide and a standard coverslip was applied ready for fluorescence microscopy.
The stained nuclei were examined at ϫ600 magnification under oil immersion with an Olympus BX40 microscope equipped with epifluorescence and triple band filter for DAPI/FITC/Texas Red. Sperm nuclei with a distinct green spot were classified as indicating X-bearing spermatozoa, and those with a distinct red spot as indicating Y-bearing spermatozoa. Photographs were taken using Fujicolour 1600 ASA film at an exposure time of 5 s. Depending upon the quantity of sperm nuclei fixed (minimum 200, preferred number 300-400) on the slides (i.e. concentration), between 10 and 50 fields of view were photographed for each sample. After film processing and printing, the X-and Y-bearing sperm content was determined for each sperm sample by counting the number of green and red spots on the prints.
At ϫ600 magnification it was difficult to distinguish haploid Xand Y-bearing sperm cells from those containing XX or XY, due to the possibility of overlapping. This situation might have been improved by using magnification of ϫ1000 or greater but since our main objective was to quantify haploid X and Y cells, we did not consider higher magnification to be practical for our purpose. Although XX or XY were occasionally present (Ͻ0.5% of total) and counted when observed, these data are not presented. Table  I . Of the couples interviewed, two were European, one wanting a boy, and the other a girl; two couples were mixed Chinese and European, one wanting a girl, and one a boy; three Indian, one Malayan and one Vietnamese couples all wanted boys. The remainder were Chinese, all of whom wanted boys. Of those who conceived, 13 became pregnant at the first attempt, 10 at second attempt, six at the third attempt, and one at the fourth attempt. All the couples who had babies wanted boys. Two of the pregnancies were ectopic and had to be terminated. There were four miscarriages, one in the third week of pregnancy, and one in the fourth week; the remaining two were at undetermined times. In one case, miscarriage was followed by further treatment with conception and birth of a boy. The average age of all the women at the time of first interview was 35.41 years and of those who conceived 34.12 years. The average age of those who conceived, did not miscarry, and had boys, was 30.21 years.
Results

A summary of results up to November 1996 is shown in
The average overall sperm yield for the inseminated group who delivered full-term baby boys was 2.25% (range 0.50-5.77), and the corresponding figure for motile spermatozoa was 4.31% (range 1.3-11.06). Only in three cases did the value for motile sperm recovery exceed 5% (5.9, 7.95 and Values in parentheses are the percentages of X-and Y-bearing spermatozoa before and after HSA separation. TMS ϭ total motile spermatozoa; yield ϭ total number of sperm cells recovered after HSA separation divided by the total number of sperm cells in the original semen sample. The percentage hybridization is a measure of the efficiency of the FISH method in use and is calculated as stated in the text. a Insufficient spermatozoa to count.
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11.06%). The mean total spermatozoa inseminated on 132 occasions when pregnancy did not follow was 10.7ϫ10 6 (range 1.5ϫ10 6 to 23ϫ10 6 ). On 30 occasions when pregnancy followed the insemination the mean total spermatozoa inseminated was 12.3ϫ10 6 (range 1.5ϫ10 6 to 23ϫ10 6 ). In the case of the three girls born, the mean sperm yield was 1.54%, and the mean motile sperm yield was 2.04%. At the time of writing, results in 18 couples, all of whom wanted boys, are known. In this group there were 14 boys born, plus one set of twin boys, and a set of twins with one boy and one girl. This is considered to represent 15 successes and three failures, a success rate of 83.3%. Comparing this with the normal ratio of 107 males born for every 100 females, the difference just achieves statistical significance (P Ͻ 0.001) (Moore and Gledhill, 1988) . Table II shows the percentages of X-and Y-bearing spermatozoa before and after separation by HSA. It is clear that the separation procedure resulted in no significant change in the relative numbers of X-and Ybearing spermatozoa. The differences in total sperm yield and motile sperm yield for all births (Table I ) and for the seven healthy donors (Table II) were not statistically significant.
Discussion
The Ericsson method of gender selection (Ericsson et al., 1973) has aroused controversy. First, there is the ethical problem of whether it should be available to the general public for social reasons. This is not discussed here. Second is the question of whether the method operates as claimed. On the one hand, nearly every published paper describing the use of the method as judged by outcome of live births has confirmed that the method is effective (Corson et al., 1984; Pyrzak and Garrison, 1990; Beernink et al., 1993) . On the other hand, when the separated spermatozoa have been examined for Yand X-bearing spermatozoa, results have varied, some claiming success (Glover et al., 1990; Pyrzak and Garrison, 1990; Wang et al., 1994) and others denying it (Ross et al., 1975; Vidal et al., 1993; Flaherty et al., 1997) . In considering the latter it is important to make two points. First, the method should be used exactly as described, with motile sperm recovery Ͻ5% (see above), and Pyrzak (1994) pointed out that in-vitro studies have not always observed this condition. Second, in-vitro studies of separation of X-and Y-bearing spermatozoa cannot disprove in-vivo studies of outcome of pregnancies, since the theory of sperm separation may be wrong even though the practice of gender selection is effective.
The results presented here confirm that the Ericsson procedure (Ericsson et al., 1973) for sex selection for boys is effective as described. In considering the results, however, two further points must be examined. First, it is important to check upon the timing of miscarriages, since the possibility exists that these could have been induced because the fetuses were known to be female. In this series there were six miscarriages. Three of these were known to have occurred very early in pregnancy before the sex of the fetuses could be known. While we are uncertain of the dates in the other three, we think they also occurred rather early in pregnancy. Second, it is important for the follow-up of births to be as complete as possible since we might not have been notified about some female births. We are short of information on three births. One of these was in China and we cannot make contact. It seems more likely that we would have heard complaints in the event that girls were delivered, when boys were requested. It therefore seems unlikely that results have been confounded by these problems.
The most disappointing aspect of the procedure has been the low pregnancy rate despite every attempt to identify the date of ovulation. However, our rate seems comparable with other insemination and in-vitro fertilization clinics treating women of similar ages.
It is of great interest that we have not been able to find any enrichment of Y-bearing spermatozoa in those samples treated for such enrichment by the Ericsson method (Ericsson et al., 1973) . It is stressed that exactly the same sperm separation procedure was used in the same laboratory for both the FISH test and the inseminations. The inevitable conclusion seems to be that although the sperm separation procedure resulted in the desired bias towards male babies, the theory that this is due to enrichment with Y-bearing spermatozoa must be incorrect.
There has to be another explanation for the bias towards male births. Clearly this requires more investigation. One possibility would be that in the albumin procedure, there is deactivation of the Y-bearing spermatozoa to a greater extent than for the X-bearing spermatozoa. Such deactivation is not due to a decrease in sperm motility, but would have to occur in some other way.
